Using aqueous solution free radical polymerization with glacial acrylic acid (GAA), maleic anhydride (MA) and sodium methallyl disulfonate (SMADS), a novel linear polycarboxylate dispersant was synthesized for ceramics. Dispersant linear structural characterization was done by FTIR, 1 H NMR, HPLC and GPC, and the ratio of monomers was determined using an orthogonal experiment. This research is focused on the effects of polymerization temperature, monomer mole ratios and dosage of initiator on ceramic slurry viscosity with linear polycarboxylate dispersant for ceramic dosage rate of 0.30% (based on dry slurry), all of which were investigated by single factor test. The best polymerization conditions for linear GAA-MA-SMADS are when n(AA) : n(MA) : n(SMADS) equals 3.0 : 1.0 : 0.5, the molecular weight of the polymer is 4600 daltons, the initiator sodium persulfate accounts for 7% of the total mass of polymerized monomers, the polymerization temperature is 90°C and the reaction time is 2 h. The ceramic body slurry viscosity drops from 820 mPa·s to 46 mPa·s when the concentration of the polycarboxylate dispersant is 0.30%.
Introduction
ater reducing aids have been key additives in cement slurries, ceramics and concrete mixtures for a long time.
)
Ceramic admixtures use dispersants to reduce viscosity of slurry and hence operate at low moisture levels in glazes and ceramic bodies; they also improve the efficiency of pumps and other transfer equipment.
This reduces energy consumption for the manufacturing of ceramic wares and also improves the grinding efficiency of ball mills. Many western countries that are leading world ceramic producers, like Germany, France and Italy, have effected important changes in this process.
Dispersant usage has also attracted a lot of ideas for continual process improvement. Starting from inorganic dispersants, this application has seen a promising upward drift in efficiency by using the latest organic dispersants 4 ) with macromolecular polymeric chains put together to achieve required process parameters and hence improved production quality.
The journey of the dispersant is in two stages: the initial stage is the slow addition of liquid glass or sodium silicate, which is an inorganic dispersant.
After a lot of R&D, new polymer technology has taken over and molecular chains of polycarboxylates have come into the picture. The improvements seen using organic dispersants have attracted lot of attention due to the compatibility of these materials with the process and their nonpolluting nature, as well as the strength of the final product and the better output of ceramic ware.
Even today, it has been observed that, with particular recipes of admixtures, the viscosity can rise above 130 mPa·s, 8 ) proving the need for much stronger organic dispersants.
In this view, the existing technology using glacial acrylic acid based dispersants,
maleic homo-polymers, 1 2 ) maleic acid and acrylic acid 1 3 , 1 4 ) based dispersants (copolymer of maleic and sodiumacrylate), sulfonic acid and acrylic acid
based dispersants (copolymer of sodiumacrylate and sulfonic acid), maleic anhydride and acrylic acid and methoxypolyethyleneglycol based products,
maleic anhydride and sodium allylsulfonate and methoxypolyethyleneglycol based products, 1 8 ) acrylic acid and sodium allylsulfonate,
acrylic and sodium methallyl sulfonates,
maleic acid and acrylic acid and sodium methallyl sulfonates based linear dispersants, 9 ) still need improved versions. This is the origin point of my work in this area.
A process of aqueous solution free radical polymerization is followed for the admixture of high silica and high alumina. Using GAA, MA and SMADS as the main synthetic materials, a novel group of linear GAA-MA-SMADS dispersants of polycarboxylate ceramics with reactive groups such as hydroxyl, carboxyl and sulfonic acids attached to their molecular structures can be formed; 9 ) these attachments W Communication will also be firmly absorbed onto the particle surfaces of ceramic bodies, in a laminate structure. By using orthogonal experiments, the ratio of monomers will be determined. The effects of each monomer and set of process conditions on the performance of linear GAA-MA-SMADS dispersants of ceramic polycarboxylate will be determined by single factor experiment. 
Experimental Procedure

Synthesis of AA-MA-SMADS Polymer
The GAA-MA-SMADS polymer was synthesized through aqueous solution free radical polymerization using sodium persulfate as an initiator Fig. 1 . 60.4 g of maleic anhydride was added slowly to 345.2 g of DI water and 98.5 g of sodium hydroxide solution, heated to 55°C and dissolved; then, 83.1 g of SMADS was added to the above solution. Later, the total solution was transferred into a five neck 1.0 kg glass reactor and, after the solution was heated to 90°C, 155.34 g of glacial acrylic acid and 7% (wt) sodium persulfate (NaPS) aqueous solution were added dropwise to the reaction mixture; the total reaction time was 90 min and, after completion of the reaction, the material was aged at the same temperature for 30 minutes; then, after cooling to 60°C, the pH value of the polymer was adjusted to 7.0 with 146 g of sodium hydroxide solution.
Preparation of slurry
Ceramic slurry recipe prepared using the available clays in compositions mentioned in Table 1 and 300 g of dry blanks were used and mixed thoroughly; materials had to be screened through 4 sieves and must be able to pass through a 250 Tyler mesh sieve. To obtain this fineness, the recipe was milled in a pot mill and, once it passes through the sieves, residue should be < 1%; the green body slurry can be obtained naturally after iron removal. ; flow rate was 0.4 ml/min and injection volume was 100 µl.
Residual monomer content was determined via polymer chromatogram, recorded on an HPLC (Waters -alliance e2695-USA) with UV detector-2489.
A Gabbrielli ford type flow cup with an orifice of 4 mm (Gabbrielli -Italy B4 cup) was adopted to determine the rel- ative-mass ratio of the absolutely dry slurry; dispersing agents and the flow time of slurry system (t) are denoted by the efflux time of the Gabbrielli-4 cup. The viscosity of the ceramic slurry was measured using a digital viscometer (Brookfield-DV2TLV); the dispersing effect of our GAA-MA-SMADS based dispersant is found to be 5 times the average value of the measured viscosity.
The MOR (Modulus of rupture) of the dry ceramic green bodies was determined by a Flexi150 (Gabbrielli -Italy) digital ceramics anti bending instrument.
Results and Discussion
Structural characterization of polymer
The novel GAA-MA-SMADS polycarboxylate linear polymers were verified from their FTIR, H-NMR spectra and GPC HPLC chromatogram. The optimized synthesis process conditions were determined through orthogonal experiment.
FT-IR
FT-IR measurement was conducted to verify the GAA-MA-SMADS polymer structure. Stretching and vibration of the characteristic absorption peak of carboxyl and the few hydroxyls on water molecules appeared at the wave number 3343.56 cm ; the sulfonyl symmetric stretching and vibration peak emerges with its corresponding absorption peak of asymmetric stretching and vibration at the wave number of 1180.24 cm . Therefore, groups such as hydroxyls, carboxyls and sulfonyls are contained and serve the function of highly dispersing in the molecular structure of polycarboxylate ceramic, which basically corresponds to the anticipated design.
H-NMR spectroscopy is also a powerful spectroscopic method that can be used to perform structural and functional characterization of the GAA-MA-SMADS synthesized polymer Fig. 3 . 
GPC
GPC is used to determine the molecular weight and polydispersity of synthesized GAA-MA-SMADS terpolymer samples (Agilent 1260 Infinity GPC/SEC equipment). Molecular weight of synthesized novel GAA-MA-SMADS polymer was 4600 g/mol daltons and polydispersity was 1.2 (PDI) Table 2 ; polymer has shown excellent slurry viscosities properties Fig. 4 . 
Determination of optimized synthesis process parameters
The orthogonal experiment method is adopted to determine the optimized parameters for synthesis of GAA-MA-SMADS linear polycarboxylate dispersant. The main factors influencing the water reduction effect of the polycarboxylate ceramic dispersant are the polymerization temperature, the weight of initiator w(NaPS), the monomer ratios and the polymerization time.
)
Under these circumstances, the polymerization time of 2 h and feeding mode are determined; the L factors are the polymerization temperature, the weight of the initiator, the SMADS mole fraction n(SMADS), the GAA mole fraction n(GAA), the MA mole fraction n(MA) and the polymerization time. Four levels are selected for each factor and details are shown in Table 3 . The flow time of the slurry system serves as the parameter for evaluation; therein, the admixture quantity ratio of the dispersants of the slurry system is 0.30% (relative-mass ratio of absolutely dry slurry); the results are shown in Table 3 . From orthogonal experiment results (Table 3) , impacts of 5 factors on the slurry system can be arranged in order as the impact grows gradually, as follows: n(GAA) > n(MA) > n(SMADS) > polymerization temperature > w(catalyst). The average values indicate (Table 3 ) that the optimized synthesized conditions of linear GAA-MA-SMADS polycarboxylate molecule are under 2 h polymerization time and 90°C temperature, as well as w(catalyst) = 7% and n(GAA) : n(MA) : n(SMADS) = 3.0 : 1.0 : 0.5.
3.7.
Single factor experiment 3.7.1. Impact of n(GAA) This section describes the variation in ceramic body slurry viscosity with mole fraction of glacial acrylic acid (GAA) when other conditions stay unchanged, that is, n(MA) : n(SMADS) equal to 1 : 0.5, catalyst 7% of total mass of the monomer, polymerization temperature 90°C and reaction time 2 h.
When n(GAA) < 3.0, as the n(GAA) decreases, the slurry flow times are prolonged drastically; when n(GAA) > 3.0, as n(GAA) increases, the slurry flow times gradually slow down. Thus, the best value for n (GAA) is 3.0 Fig. 6 . This is because, as n(GAA) = 3.0 increases, the opportunities for monomers to trigger the polymerization will increase, which may likely form long-molecule chains and prolong the flow time of the slurry of the ceramic body; when n(GAA) exceeds 3.5, the conversion efficiency will be highly enhanced, which gives rise to an increase of n(-COOH) on the main chain; thereby, the slurry system tends to be sta- ble and the flow time appears to gradually shorten; therefore, n(GAA) = 3.0 is the most suitable condition.
Impact of n(MA)
When other conditions stay unchanged, that is, n(GAA) : n(SMADS) equals 3 : 0.5, the catalyst is 7% of the total mass of the monomer, the polymerization temperature is 90°C and the reaction time is 2 h. The polycarboxylate dosage is 0.30 % (absolute dry slurry based); Fig. 6 clearly shows the ceramic slurry viscosity changes with n(MA) ratios.
When n(MA) equals 1.0 (Fig. 6) , the slurry viscosity reaches its lowest level in 19 seconds, with increasing values of n(MA), till it reaches a value of 1. It is observed that flow time of slurry also drops with n(MA). If n(MA) > 1 the polycarboxylate (-COOH) molecules will increase as n(MA) increases and this greatly improves the function of absorption of the polycarboxylate molecules onto the surfaces of the clay particles, thus reducing the flocculation capacity of clay particles via the addition of polycarboxylate. This is purely due to the phenomenal increase of electric potential via better absorption of polycarboxylate by surface clay particles. Here, n(MA) = 1.0 is the most suitable condition.
Impact of n(SMADS)
When other conditions stay unchanged, that is, n(GAA): n(MA) is 3 : 1, the catalyst is 7% of the total mass of the monomer, the polymerization temperature is 90°C and the reaction time 2 h, the polycarboxylate dosage is 0.30% (absolute dry slurry based), Fig. 7 clearly shows that the ceramic slurry viscosities change with the n(SMADS) ratios.
When n(SMADS) equals 0.5 ( Fig. 7 ) the slurry viscosity reaches its lowest level, with increasing values of n(SMADS), till it reaches the value 0.5; it is observed that the flow time of the slurry also drops with n(SMADS). Using a small amount of SMADS can provide a small content of sulfonic acid functional groups (-SO 3 H) in the polycarboxylate dispersant. The electrostatic repulsion provided can be seen to be insufficient to extend the flow time of the slurry of the ceramic body of polycarboxylate ceramic dispersant of GAA-MA-SMADS. However, it is not appropriate to use too large a quantity of SMADS, as the number of carboxyl functional groups drops, leading to the absorption function being too greatly lowered in proportion, which gives rise to an obvious decline in absorption quantity of slurry particles on the surface of the ceramic body onto the dispersant molecules of linear GAA-MA-SMADS polycarboxylate ceramics; as a result, the ζ-electric potential on the particle surface of the ceramic body will decrease, the electrostatic repulsion will be weakened, and the flow time for the ceramic body slurry will be prolonged. Therefore, n(SMADS) = 0.5 is the most suitable condition.
Impact of w(Catalyst)
Under the condition of 90 o C polymerization temperature and 2 h polymerization time, the acquired proportion of n(GAA) : n(MA) : n(SMADS) = 3.0 : 1.0 : 0.5 and there is 0.3% admixture quantity ratio of dispersant. We can see in Fig. 8 the change tendency of the slurry viscosity as it varies with w(Catalyst).
When w(catalyst) < 7.0, as catalyst quantity increases, the flow time of the slurry system is gradually shortened; when w(catalyst) > 7%, as the catalyst quantity increases, the flow time of the slurry system continuously increases. So, w(catalyst) = 7% serves as the inflection point. If excess catalyst is added, the polymerization kinetics will be too fast and the relative molecular weight dispersant will be too low, resulting in slurry viscosity increase. If the amount of catalyst is reduced, the polymerization kinetics will be too low and this will lead to low molecular weight of the product, resulting in an increase of the flow time of the slurry system. Therefore, w(catalyst) = 7% will be the optimal value.
3.7.4. Impact of polymerization temperature Under the condition of 2 h polymerization time, the acquired proportion of n(GAA) : n(MA) : n(SMADS) = 1.0 : 3.0 : 0.5, w(catalyst) = 7% and there is a 0.30% admixture quantity ratio of dispersant (dry slurry based). Fig. 9 shows the change tendency of the slurry system as it varies with the change of the polymerization temperature Fig. 10 .
If the polymerization temperature is lower than 90 o C, as the polymerization time increases, the flow time of the ceramic slurry system will drop rapidly; if the polymerization temperature is higher than 90 o C, as the polymerization time increases, the flow time of the ceramic slurry system will be slowly prolonged. The 90 o C polymerization temperature serves as the inflection point. If the polymerization time is below 90 o C, as the polymerization temperature increases, the heating catalyst will decompose easily and generate a large quantity of free radicals in polymerization, which will accelerate the rate of reaction and affect the molecular weight of the polymers due to the termination effect of polymerization by free radicals. This enhances the free flow or fast flow of the ceramic slurry. Once the process temperature goes beyond 90 o C, the catalyst will decompose faster and this will increase the polymerization reaction. Due to the high temperature, glacial acrylic acid also starts cross linking, and hence reduces the flow time of the ceramic slurry. So, 90 o C is the optimum temperature for polymerization.
3.8. Ceramic Linear AA-MA-SMADS Polycarboxylate Performance: comparison of different industrial dispersant grades Figure 11 shows the ATBS modified polyacrylic acid super plasticizers-comb structured,
Flosperse PE-35 commercial dispersants (linear structured) & Linear GAA-MA-SMADS polycarboxylate's effect on flow time of ceramic slurry with constant dry solids and changing dosages. Figure 11 shows the trends of viscosity of the ceramic slurry with increasing dosages of different dispersants, which include AMPS modified acrylic acid superplasticizer, Flosperse PE 35 and linear GAA-MA-SMADS terpolymer. All dispersants showed actions that followed a regular inverted parabolic curve, which means a reduction of viscosity initially, up to a point, and then an increase in viscosity with increasing dosages.
The ATBS-modified polyacrylic acid superplasticizer showed its lowest viscosity of 270 mPa·s at 0.5% dosage; this value increased with further increases in dosage. Also, GAA-MA-SMADS and Flosperse PE-35 recorded their lowest viscosities at 46 mPa·s and 70 mPa·s. Considering the effects of all dispersants, it is found that GAA-MA-SMADS gives good results in terms of low viscosity and flow time with the same combination of clays. The reason for this could be the strong steric layer formed around the solid particles, which are not easily disturbed and, hence, no flocculation effect can be observed in between the particles. Also, the anionic molecules of this type of polycarboxylate are found to absorb on clay particles easily, so that whenever these particles come closer the electrical double layers intercepts/overlaps with each other and hence keep the solids in good suspension as the reverse flocculation effect occurs, i.e., an efficient dispersion of solids is observed although. Linear dispersants have been proven to be better in terms of MOR strength as their absorption capacity becomes higher, and in some cases they contain long linear chains that show probability of crosslinking with each other, as well as anti-aggregate forming capacity due to inter particular repulsion. Hence they maintain the suspension in an active state and yield better strength uniformly, all over the green body. In combined dispersants, the suspension property is relatively poor and chances of small aggregate formation are high. Due to this non-uniform distribution of particles in the green body, strength will be low compared to linear polycarboxylates.
Conclusions
In this research, the novel linear polymer GAA-MA-SMADS was synthesized through aqueous solution free radical polymerization using sodium persulfate as an initiator. Characterization was performed through FTIR and NMR; molecular weight of the polymer was analyzed at the point where the polymer showed good performance; HPLC was used to measure the residual monomer levels in final product. The process parameters were set using the optimum values achieved through orthogonal experiment, i.e., n(GAA) : n(MA) : n(SMADS) = 3.0 : 1.0 : 0.5 and w(NaPS) = 7%. The polymerization temperature and time are 90 o C and 2 h, respectively; the optimized admixture quantity ratio of linear dispersant is 0.30% (relative-mass ratio of absolute dry slurry); and, with such amounts of admixture, the dispersing effectiveness proved to be preferred; with viscosity of only 46 mPa·s, the anti-bending strength of the dry green body was high at 1.34 mPa·s. 
